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Section 1 
Introduction 

This section presents a brief background of the City of Fresno issues associated with nitrates in the 
groundwater, discusses the need for this Nitrate Management Plan, describes the objectives of the 
study, provides a brief description of the scope of work, and outlines the report organization.   

1.1 Background 

Over the past several decades there has been a significant increase in nitrate concentrations in the 
groundwater at various locations in the Fresno Metropolitan Area (FMA).  This fact has been 
demonstrated in several studies and reports over the past several years.  Nitrate discharges (or other 
forms of nitrogen that subsequently convert to nitrate in the soil) from a variety of sources have 
cumulatively resulted in substantial damage to the City of Fresno’s (City) groundwater resource.  
Over time, nitrate (NO3) concentrations in the aquifers under Fresno have varied, increasing in 
some locations while decreasing in other areas as influences such as increased or decreased nitrogen 
loading or increased groundwater recharge.  Some wells within the FMA exceed the EPA maximum 
permissible contaminant level (MCL) of 45 milligrams per liter (mg/L).  To deal with this, the City 
has removed from service a number wells (13 as of early 2004) with elevated nitrate concentrations, 
treated some by blending with other sources of groundwater, and treated two with ion-exchange 
wellhead treatment systems.  All of these actions have been necessary to meet peak water demand 
within the City. 

With the intent of adopting policies, programs, and projects to protect and preserve the groundwater 
for its highest and best use, the City retained Boyle Engineering Corporation (Boyle) to prepare a 
Nitrate Management Plan.  In general, the scope of the Nitrate Management Plan was to investigate 
and tentatively identify past and present dischargers generating nitrate or total nitrogen loading high 
enough to pose significant adverse cumulative impact to the aquifers under the FMA.  Boyle 
subcontracted a portion of the work to Kenneth D. Schmidt and Associates (Schmidt) and to 
Geomatrix Consultants, Inc (Geomatrix).  The Boyle/Schmidt/Geomatrix Team (Team) worked 
together to conduct the various phases of the work required to develop the Nitrate Management 
Plan. 

The City’s primary objectives in the Nitrate Management Plan are: 

1. Generally determine sources of nitrates in the FMA. 

2. Identify significant ongoing releases of total nitrogen that could convert to nitrate 
concentrations exceeding 40 mg/L. 

3. Determine, as apparent from available data, current and long-term septic tank nitrogen 
contribution trends and other selected constituents. 

4. Project short- and long-term implications of continued nitrogen releases. 

5. Identify and assess alternative nitrate management approaches. 
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6. Identify the preferred alternative(s) for nitrate management. 

7. Implement recommended policies, programs, and projects, as appropriate. 

The Boyle/Schmidt/Geomatrix work in developing the Nitrate Management Plan was divided in 
two major phases, each consisting of several tasks.  Phase I primarily consisted of collection and 
review of groundwater data, identification of past and present major sources of nitrate in the 
groundwater, development of GIS mapping with an integrated data management system, and a 
hydrogeologic report summarizing the Phase I work.   

The focus of the Phase II work was to identify and compare viable alternatives for management of 
nitrates in the groundwater and, with City staff concurrence, develop a preferred Nitrate 
Management Plan that provided a prioritized list of projects that could be implemented to either 
increase the amount of groundwater resources available or to decrease the amount of nitrate in the 
groundwater. 

The general division of the Nitrate Management Plan work among the Team was as follows: 

• Boyle provided overall project management, developed the nitrate management alternatives, 
and prepared the project technical memoranda and final report. 

• Schmidt assisted with the collection of groundwater data, prepared the hydrogeologic report, 
and provided quality control review of the technical memoranda. 

• Geomatrix developed the GIS mapping and integrated data management system.  The 
various figures throughout the hydrogeologic report, technical memoranda, and this final 
report are a result of the Geomatrix work. 

1.2 Authorization 

The City of Fresno, recognizing the impacts that nitrates have had on the groundwater and the need 
to develop projects that can be implemented and policies for dealing with present and future 
nitrates, authorized Boyle, with the assistance of Kenneth D. Schmidt & Associates, and Geomatrix, 
to prepare this Nitrate Management Plan. 

1.3 Study Scope 

As indicated above, the work was divided into two major phases, each with individual tasks needed 
to complete the study.  A brief summary of the scope by phases and tasks is listed below.  Later 
sections of this report provide a more thorough discussion of the work accomplished along with the 
resulting findings and recommendations. 

1.3.1 Phase I – Data Gathering and Evaluation of Existing Nitrates in the Groundwater 

The Phase I work consisted primarily of gathering data and its analysis.  The results of Phase I were 
then used to develop solutions to manage and/or mitigate the contaminated groundwater under 
Phase II.  Phase I consisted of three major tasks described below. 
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1.3.1.1 Task 100 - Compile and Review Existing Data and Prepare GIS Mapping and 

Data Base 

Boyle, with the assistance or Schmidt and Geomatrix, compiled and reviewed available previous 
studies conducted on the nitrate in groundwater in the Fresno urban area, compiling 
groundwater elevation and chemistry data, reviewing available information on past and existing 
high-nitrate dischargers.   

A number of previous studies have been conducted on nitrate in groundwater of the Fresno 
urban area.  These previous studies and their findings are detailed in Section 2.1 of this report. 

Boyle also worked with the City and other agencies to compile groundwater elevations and 
groundwater chemistry data.  The sources of this data and its use in this study are also detailed 
in Section 2.1. 

This task also included sampling of 20 to 30 of the City’s shallow groundwater monitor wells 
for nitrogen isotope differentiation testing.  The isotope test data was evaluated to determine if 
the predominate source(s) of the prevalent nitrates are animal or non-animal. 

Geographic Information System (GIS) mapping was developed for the project.  GIS mapping is 
a system of computer mapping software that integrates the collection, management, and analysis 
of geographic data.  The GIS mapping can be used to display the results of data queries as 
graphic maps and to analyze spatial distribution of whatever type of data is being considered.  In 
the case of this Nitrate Management Plan, the GIS mapping was used to display historic and 
current chemical data, groundwater information (such as groundwater contours and flow 
directions), the sources of nitrate to groundwater, and potential components of engineering 
solutions to manage or mitigate the groundwater contamination.  The GIS maps also showed the 
location of the City’s monitoring wells, production wells, and water distribution system as a 
series of layers (known as shape files). 

The groundwater elevation and chemistry data received from the City and others was then 
incorporated into a data management system compatible with the City’s existing system(s).  The 
data management system is a relational database, Microsoft Access.  The data was then geo-
referenced to the GIS mapping described above and included monitoring and supply well 
construction, groundwater water level, and groundwater quality data (for nitrate and other 
constituents) for the FMA.  The data management system contained data querying tools and 
customized tools to create hydrographs and time-concentration plots for selected constituents. 

This work task culminated with a workshop with City staff.  The workshop included a 
presentation of the data gathering activities, the GIS mapping, and the data management system. 

1.3.1.2 Task 200 – Data Evaluation 

The GIS mapping and database prepared under Task 100 for the FMA was then used to evaluate 
the current nature and extent of nitrate (and other constituents as necessary) in groundwater, 
identify data gaps, and identify potential future area of impact from nitrates in groundwater.  
Using trend analysis and GIS spatial distribution maps, the lateral and vertical extent of nitrate 
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in groundwater was estimated.  Sources and potential sources of nitrate in groundwater were 
also reviewed for correlation with known high-nitrate areas.  In addition, estimates of 
groundwater gradient and aquifer properties and the present distribution of nitrate in 
groundwater were utilized to identify potential future areas of impact due to the migration of 
nitrate in groundwater. 

Areas with insufficient water quality data (data gaps) were identified during the evaluation of 
the preliminary data.  Identified data gaps were reviewed with the City and additional data was 
collected as needed and incorporated into the data management system and GIS mapping 

The groundwater data were evaluated generally with respect to the issues described below. 

• Lateral Nitrate Distribution in Groundwater.  Multiple maps were prepared showing 
the distribution of nitrate and nitrate concentrations in the FMA, each representing 
groundwater conditions at a different depth.  Past studies have shown a relation between 
permeable topsoils and high nitrate, and, thus, soil maps were also reviewed and 
compared to the nitrate distribution in the shallow groundwater. 

• Vertical Nitrate Distribution in Groundwater.  Subsurface geologic conditions highly 
control the vertical distribution of nitrate in groundwater in the FMA.  A number of 
subsurface geologic cross sections were developed and the nitrate results from shallow 
and deep wells, nested monitoring wells, and test holes and test wells were plotted on 
these sections to show the vertical distribution of nitrate in groundwater. 

• Changes in Nitrate Concentrations with Time.  Time-concentration plots of nitrate in 
groundwater were prepared for pertinent wells in the FMA.  These plots were used to 
assess the lateral and vertical transport (and attenuation) of nitrate in groundwater with 
time.  Two important factors that influence time trends for nitrate are: 1) water-level 
changes, and 2) changes in well construction.  Both of these factors were evaluated in 
the study area. 

• Sources of Nitrate in Groundwater.  Sources of high-nitrate concentrations in shallow 
groundwater of the Fresno area have been examined in a number of reports dating back 
to the mid 1960s.  Information on former wastewater treatment facilities, unsewered 
areas relying on septic tanks, and industrial waste disposal sites are discussed in these 
reports.  The most significant nitrate sources were identified and their estimated impact 
on the nitrate concentrations in groundwater beneath these areas was addressed. 

• Well Construction.  Factors, such as depth to the shallowest perforation, extent of the 
annular seal, and total depth of the well, have been shown by previous studies to be 
important in terms of nitrate concentrations, nitrate distribution vertically, and possible 
future mitigation of nitrate in groundwater.  A preliminary evaluation was done to 
determine the potential for well deepening and for well replacement (by deeper wells) as 
a potential mitigation measure in specific areas and for specific wells. 
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1.3.1.3 Task 300 - Hydrogeologic Report 

Kenneth D. Schmidt & Associates (Schmidt) then prepared a hydrogeologic report, 
summarizing the results of the Phase I evaluation preformed in Tasks 100 and 200.  The report 
summarized the data collected, the estimated vertical and lateral extent of nitrate in 
groundwater, identification of sources and potential sources of nitrate to groundwater, and 
estimation of potential future areas of impact.  A copy of the Schmidt hydrogeologic report is 
included in Appendix A. 

1.3.2 Phase II – Nitrate Management Plan Development 

Phase II of the study primarily involved the development of projects and policies that, taken 
together, will comprise the City of Fresno Nitrate Management Plan.  Phase II tasks are described 
below. 

1.3.2.1 Task 400 - Develop and Evaluate Nitrate Management Alternatives 

Using the information obtained in Phase I, a number of alternatives for management of nitrates 
were developed to a point where they could be equitably compared on a cost/benefit basis.  
Alternatives evaluated included those described below. 

• Minimizing or eliminating sources of nitrate to reduce further degradation of the aquifer.  
This alternative included options such as changing operational practices, elimination of 
septic systems, cleanup of known discharges, etc. 

• Extraction of nitrate-laden groundwater, treating or blending (with lower nitrate sources) 
the nitrate, and using the water for municipal supply.  This method provides for the 
highest use of the water (drinking water) but could require the highest cost both for 
capital installations and for operations if only treatment is considered.   

• Extraction of nitrate-laden groundwater and using it for irrigation.  This alternative 
evaluated the possibility of delivering some high-nitrate water for irrigation (agricultural 
and/or large turf applications) with the potential for receiving low-nitrate surface water 
in exchange that would in turn be percolated or treated to drinking water standards.   

• Aquifer Storage and Recovery Systems (ASR) was examined on a cursory basis as it 
may have utility in managing high nitrates. 

• Managing existing nitrate plumes by deliberate upgradient recharge and/or extraction to 
limit migration of high-nitrate groundwater within the FMA. 

• Constructing additional wells may be feasible to offset those wells that have already 
been lost to high-nitrate concentrations.  This management alternative also includes well 
fields outside of the high-nitrate areas so that lower-nitrate water could be delivered to 
existing high-nitrate areas.  Such supplies could be used for blending with high-nitrate 
supplies or to replace local supplies exceeding the nitrate MCL.   
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Boyle prepared a Task 400 Technical Memorandum (TM) that developed several alternatives 
and combinations of alternatives as projects.  The projects were assessed to compare costs, 
benefits and ability to be implemented.   

1.3.2.2 Task 500 – Comparison of Nitrate Management Alternative Projects 

After evaluating the alternative projects developed in Task 400, a matrix was prepared as a 
comparison tool.  The matrix included the comparison criteria listed below. 

• Capital cost 
• Positive groundwater impact 
• Ease of implementation 
• Cost effectiveness 
• Implementation time 
• Nitrate management effectiveness 

The effect of the matrix and associated comparison criteria was to rate each alternative project 
for the amount of nitrate eliminated, the amount of water produced, the amount of groundwater 
recovered, the anticipated residual disposal impacts, and the expected overall cost.  The purpose 
of the matrix is to constitute the basis for preparation and furthering of recommendations to the 
City concerning the apparent best methods of dealing with the nitrate contamination. 

Boyle prepared a Task 500 Technical Memorandum describing the comparison criteria, the 
matrix, and the resulting project ranking.   

Dr. Kenneth D. Schmidt reviewed both Task 400 and Task 500 Technical Memoranda and his 
comments were incorporated into this final report.  Dr. Schmidt also offered suggested 
alternative nitrate plume management/remediation projects that were reviewed with City staff 
and are described in a conceptual manner in Section 5 of this report. 

1.4 Organization of the Nitrate Management Plan Report 

This Nitrate Management Plan report is organized in six sections, followed by appendices that 
provide more detailed information when needed and supporting documentation for the results and 
recommendations of this study.  The six sections are briefly described below. 

Section 1 – Introduction presents a brief background of the City’s problem with high-nitrate 
concentrations in the groundwater, discusses the need for this Nitrate Management Plan, and 
provides a summary of the study scope.  A list of abbreviations is also provided to assist the reader 
in understanding the information presented in this report. 

Section 2 – Compilation of Data and Hydrogeologic Study provides an overview of the data 
gathering activities, the GIS mapping and data management system, and a synopsis of the report 
entitled, “Distribution and Sources of Nitrate in Groundwater in and Near the City of Fresno” 
prepared by Kenneth D. Schmidt & Associates.  As noted above, the Schmidt hydrogeologic report 
is included in Appendix A.  
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Section 3 – Nitrate Management Alternatives describes a number of alternative projects that 
could be implemented for management of nitrates.  This section summarizes the Task 400 TM 
work.   

Section 4 – Comparison of Nitrate Management Projects describes the methods and logic used 
to compare the nitrate management projects developed in Task 400.  This section summarizes the 
Task 500 TM work.   

Section 5 – Plume Management Alternative Projects provides general descriptions of projects 
that could be instituted to manage two of the most critical known nitrate plumes within the FMA:  
1) the Sunnyside area and 2) the area generally along Clovis Avenue between Belmont and 
McKinley Avenues.  These projects are presented as conceptual projects that could provide the City 
with the ability to manage these nitrate plumes if other projects prove to be not politically or 
financially feasible.  

Section 6 – Nitrate Management Plan Recommendations and Policies outlines the 
recommendations that are a result of this study and provide potential policies that may be adopted 
by the City, if desired.  

1.5 Acknowledgements 

Boyle wishes to acknowledge and thank Martin McIntyre, Former Director of Public Utilities; 
Patrick Weimiller, Former Interim Director of Public Utilities; Rene Ramirez, Assistant Director of 
Public Utilities; Lon Martin, Water Division Manager; and Brock Buche, Water Division 
Professional Engineer for their assistance in this study.  Boyle also wishes to acknowledge the 
cooperation of the City of Clovis, the Bakman Water Company, the Fresno County Environmental 
Health Department, Malaga Community Water District, the Regional Water Quality Control Board 
(RWQCB), and others.  Their cooperation and courtesy in obtaining the variety of necessary data 
and providing input to the study were invaluable components in completing this Nitrate 
Management Plan. 
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The following Boyle staff members were involved in the preparation of this Nitrate Management 
Plan: 

Project Manager: Mark A. Ysusi, PE 

Project Engineers: Henry Liang, PE 
Doug Lade, EIT 
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1.7 Abbreviations and Definitions 

To conserve space and to improve readability, the following abbreviations are used in this report. 

AFY acre-feet per year 

Bakman Bakman Water Company 

CEQA California Environmental Quality Act 

City City of Fresno 

Clovis City of Clovis 

County County of Fresno 

CVP Central Valley Project 

DHS California Department of Health Services, Office of Drinking Water 

DWR California Department of Water Resources 

EPA U.S. Environmental Protection Agency 

FID Fresno Irrigation District 

FMA Fresno Metropolitan Area 

FMFCD Fresno Metropolitan Flood Control District 

GIS Geographical Information System 

gpm gallons per minute 

MCL maximum contaminant level 

MG million gallons 

mgd million gallons per day 

mg/L milligrams per liter 

TM Technical memorandum 

WRMP Fresno/Clovis Metropolitan Water Resources Management Plan 

WTP water treatment plant 
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Section 2 
Compilation of Data and Hydrogeologic 
Study 

This section provides a summary of the data gathering activities and the hydrogeologic report 
prepared by Kenneth D. Schmidt & Associates. 

2.1 Compilation of Existing Data and Data Management System 

Boyle, with the assistance or Schmidt and Geomatrix, compiled and reviewed available previous 
studies conducted on the nitrate in groundwater in the Fresno urban area, compiled groundwater 
elevation and chemistry data, and reviewed available information on past and existing high-nitrate 
dischargers.   

A number of previous studies have been conducted on nitrate in groundwater of the Fresno urban 
area.  These studies include but are not limited to the following: 

• California Department of Water Resources, “Fresno-Clovis Metropolitan Area Water 
Quality Investigation” (1965). 

• K. D. Schmidt Dissertation, “Distribution of Nitrate in Groundwater in Fresno-Clovis 
Metropolitan Area” (1971). 

• 208 Non-point Source Water Quality Report for County of Fresno and Other Entities (1978). 

• 205J Non-point Source Water Quality Report for County of Fresno and Other Entities 
(1986). 

• City of Fresno/Clovis Water Resources Master Plan, Appendix B, Hydrogeology (1992). 

• Numerous publications of the USDA Agricultural Research Service, particularly on the rural 
area east of Fresno (1960s, 1970s, and 1980s). 

The above studies were reviewed to provide a baseline understanding of the sources and extent of 
nitrate in groundwater in the Fresno urban area.  Boyle also worked with the City and other 
agencies to compile groundwater elevations and groundwater chemistry data.  The sources of this 
data were: 

• Fresno City supply wells, test holes and test wells, and nested monitor wells 

• Bakman Water Co. supply wells, test holes, and test wells 

• City of Clovis test wells and supply wells 

• Selected private/public domestic wells (Fresno County Environmental Health) 

• Malaga CWD supply wells, test holes, and test wells 
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• Selected private domestic wells (Fresno County Environmental Health); 

• Monitoring wells for environmental and groundwater contamination sites (RWQCB). 

RWQCB and Fresno County records were researched to identify past and existing potential 
dischargers of significant total nitrogen quantities.  Potential dischargers, both past and present, of 
significant amounts of total nitrogen include: 

• Septic tanks in the FMA  

• Wineries, tanneries, and food processors 

• Certain major farming and/or other agricultural operations including confined animal 
operations 

• Agricultural chemical formulating plants  

Estimates of septic tank flow and nitrogen application in large turf areas such as golf courses were 
made. 

Twenty to thirty of the City’s shallow groundwater monitor wells were sampled for nitrogen isotope 
differentiation testing.  The isotope test data was evaluated to determine if the predominant 
source(s) of the prevalent nitrates are animal or non-animal; however, the isotope tests were 
inconclusive and not used as part of this study. 

As explained in the previous section, GIS mapping was developed for the project.  GIS mapping is a 
system of computer mapping software that integrates the collection, management and analysis of 
geographic data.  The GIS mapping can be used to display the results of data queries as graphic 
maps and to analyze spatial distribution of whatever type of data is being considered.  In the case of 
this Nitrate Management Plan, the GIS mapping was used to display historic and current chemical 
data, groundwater information (such as groundwater contours and flow directions), the sources of 
nitrate to groundwater, and potential components of engineering solutions to manage or mitigate the 
groundwater contamination.  The GIS maps also showed the location of the City’s monitoring 
wells, production wells, and water distribution system as a series of layers (known as shape files).  
The nitrate and groundwater data incorporated into the GIS mapping and data management system 
covered a time period of approximately the last four decades. 

The groundwater elevation and chemistry data received from the City and others was then 
incorporated into a data management system compatible with the City’s existing system(s).  The 
data management system is a relational database, Microsoft Access.  The data was then geo-
referenced to the GIS mapping described above and included monitoring and supply well 
construction, groundwater water level, and groundwater quality data (for nitrate and other 
constituents) for the FMA.  The data management system contained data querying tools and 
customized tools to create hydrographs and time-concentration plots for selected constituents. 

The project study GIS mapping and data management system were delivered to the City for their 
use and maintenance.  If kept current, the GIS mapping and data management system will be a very 
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helpful tool in determining both short and long-term effectiveness of various nitrate management 
alternatives. 

2.2 Hydrogeologic Study 

2.2.1 Overview 

Using the data previously collected, Kenneth D. Schmidt and Associates (Schmidt) prepared a 
hydrogeologic report detailing the past and present status of nitrates in the groundwater under the 
Fresno Metropolitan Area.  The graphics contained in the Schmidt report were develop using the 
project GIS mapping and data management system.  The Schmidt report addresses available nitrate 
data over the last four decades and presents the hydrogeologic data as follows: 

• To promote a clear understanding of groundwater movement and quality in the Fresno area, 
the hydrogeologic framework is first discussed including subsurface geologic conditions, 
water levels, aquifer characteristics, and sources of recharge and discharge. 

• Potential sources of nitrate in groundwater beneath the City are presented.  Information on 
nitrate sources over the past three decades is also detailed. 

• The historic geographic and vertical distribution of nitrate in the groundwater is then 
documented. 

• Known time trends for nitrate in well water in the FMA are presented and interpreted. 

• The report then divides the FMA into six subareas with significant nitrate concentrations 
that are discussed in more detail.  The six subareas are: 

- Old Figarden 
- Fresno North Growth Area 
- South and east of Fresno Air Terminal (including Mayfair) 
- Sunnyside 
- Calwa-Malaga 
- Southwest Area 

• Finally, recommended enhanced well construction practices are described in detail. 

2.2.2 Key Report Findings and Conclusions 

The Schmidt hydrogeologic report notes a number of key findings that offer significant insight into 
the development of both short- and long-term elements of a nitrate management plan.  The 
historical groundwater nitrate concentration mapping data, coupled with the identification of 
significant sources of nitrate provide examples of observed increases of nitrate concentrations over 
a period of years in an area and then, in some cases, reduction of the nitrate concentrations 
following remedial actions.   

Figures 2-1, 2-2, and 2-3 on the following pages are modifications of Figures 10, 11, and 12 of the 
Schmidt report that illustrate the variation of groundwater nitrate concentration between the years of 
1968 to 2004.  Major sources of nitrate identified in the Schmidt report, such as unsewered areas, 
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have been added to these figures to show the effects that the contributing areas have on the 
downgradient groundwater.  Of particular note are the Old Figarden (formerly unsewered), Mayfair 
(formerly unsewered), Sunnyside (much of which remains unsewered), and Fort Washington 
(remains unsewered) areas and the area along Clovis Avenue between Belmont and McKinley.  The 
areas of highest groundwater nitrate concentration in the vicinity of the unsewered areas from 1968 
to 1977 are clearly illustrated in Figure 2-1.  Figure 2-2 shows the lingering results of the formerly 
unsewered areas even though both the Old Figarden and Mayfair areas had been sewered during the 
1970s.  Figure 2-2 also illustrates the sharply increasing nitrate concentrations beneath and 
downgradient of the Sunnyside area and the area along Clovis Avenue between Belmont and 
McKinley and increasing concentrations downgradient from the Fort Washington area.  The effects 
of sewering the Old Figarden and Mayfair areas, however, are shown clearly in Figure 2-3.  Though 
still elevated, the nitrate concentrations downgradient of the Old Figarden area are reduced, and the 
nitrate concentrations downgradient of the Mayfair area are significantly reduced.  As indicated in 
the Schmidt hydrogeologic report, the more marked reduction downgradient from Mayfair than Old 
Figarden is largely attributable to the commencement of direct recharge activities at Leaky Acres in 
1970.  The groundwater concentrations beneath portions of the Mayfair area reached their highest 
nitrate levels in the mid-1980s of between 40 and 50 mg/L and by the early 2000s were reduced to 
20 to 30 mg/L. 

Figures 2-1, 2-2, and 2-3 also clearly indicate the continued elevated nitrate concentrations beneath 
and downgradient of the Sunnyside and Fort Washington areas that remain unsewered.  Figure 2-3 
particularly illustrates that both these areas and the area along Clovis Avenue between Belmont and 
McKinley are continuing sources of nitrates into the FMA groundwater. 

The Schmidt hydrogeologic report and review of Figures 2-1, 2-2, and 2-3 lead to conclusions that 
were used to guide the development of alternative nitrate management projects.  Significant 
conclusions include the following: 

• Removing the source of the nitrate has been shown to reduce the concentrations of nitrate in 
the groundwater beneath and downgradient of the source.  While this may seem to be an 
obvious conclusion, it is presented as an alternative to continuing to allow the source of 
nitrate to contribute to the elevated nitrate concentrations in the groundwater and either 
treating the nitrate or removing it by some other method.  It is also presented as an 
alternative since it has consistently been shown (as described above) to be a very effective 
method of reducing groundwater nitrate contamination.  The most obvious remaining 
sources of nitrate groundwater beneath the FMA are the unsewered areas of Sunnyside and 
Fort Washington and the area along Clovis Avenue between Belmont and McKinley.  
Removing these three sources will require sewering the Sunnyside and Fort Washington 
areas and affecting a cessation of the nitrate contributions in the area along Clovis Avenue 
between Belmont and McKinley. 

• As demonstrated by the rapid improvement in the groundwater downgradient from the 
Mayfair area, recovery of the groundwater is accelerated when there is also an upgradient 
source of intentional recharge of surface water.  According to Schmidt, the rapid 
improvement in the Mayfair area has most likely been assisted by the Leaky Acres recharge 
activities that began in 1970. 
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• It may be possible to drill new City wells in high-nitrate areas that produce acceptable 

nitrate concentrations if they are done carefully, following the procedures outlined in the 
Schmidt report.  This means that the construction of new production wells should be part of 
the alternative considered. 
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The complete report is available upon request. 
 



Drummond and Jensen Community Survey Tabulation

Survey conducted 2010

SURVEY 

NUMBER Leach Line

Seepage 

Pit Dry 

well

Problems 

with Septic 

tanks

Prefer Public 

Sewer  INCOME

1 0 Y 1 No 0 Need more info 0

29,999 or 

less $29,999

2 Y 1 N/A Yes 1 N/A

3 Y 1 Y 1 Yes 1 Yes 1 N/A

4 N/A 0 N/A N/A Yes 1 N/A

5 Y 1 Y 1 Yes 1 Yes 1

74,000 or 

more $74,000

6 Don't Know 0 Don't Know No 0 Don't Know 0

74,999 or 

less $74,999

7 0 Y 1 Yes 1 Yes 1

53,999 or 

less $53,999

8 Y 1 Y 1 Yes 1 Yes 1

53,999 or 

less $53,999

9 Y 1 Y 1 N/A Yes 1

47,999 or 

less $47,999

10 Y 1 Y 1 N/A N/A 0

29,999 or 

less $29,999

11 Y 1 Y 1 Yes 1 N/A 0

41,999 or 

less $41,999

12 N/A 0 N/A N/A Yes 1

35,999 or 

less $35,999

13 0 Y 1 N/A Yes 1 $35,000.00 $35,000

14 0 Y 1 No 0 Yes 1 $31,000.00 $31,000

15 Y 1 0 Yes 1 Yes 1 $25,000.00 $25,000

16 Y 1 0 No 0 Yes 1

18,999 or 

less $18,999

17 N/A 0 N/A N/A Yes 1

14,999 or 

less $14,999

18 Y 1 Y 1 Yes 1 Yes 1

14,999 or 

less $14,999

19 N/A 0 N/A No 0 Yes 1

14,999 or 

less $14,999

20 Y 1 0 N/A N/A 0

less than 

10,999 $10,999

11 11 7 15

of of of of

20 11 12 20

55.0% Pit 100.0% Problems 58.3% Want Sewer 75.0% Median $31,000

21 All households that answered question, indicated that they had a seepage pit for disposal

22 58% of those that answered question, responded that they had septic tank problems

23 75% of households indicated they prefered public sewer

24 Median household income is $31,000, which is 51% of State MHI for 2009

25

26

27

28

29

30

31

32

33

34

35

36

0 19 $31,000.00

#REF! 34 median

55.88%

Own

1
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